Reproductive ecology and habitat utilization of Richardson\u27s merlins in southeastern Montana by Becker, Dale M.
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1984 
Reproductive ecology and habitat utilization of Richardson's 
merlins in southeastern Montana 
Dale M. Becker 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Becker, Dale M., "Reproductive ecology and habitat utilization of Richardson's merlins in southeastern 
Montana" (1984). Graduate Student Theses, Dissertations, & Professional Papers. 7058. 
https://scholarworks.umt.edu/etd/7058 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
COPYRIGHT ACT OF 1976
T h i s  i s  an u n p u b l i s h e d  m a n u s c r i p t  i n  w h i c h  c o p y r i g h t  s u b ­
s i s t s , An y  FURTHER REPRINTING OF ITS CONTENTS MUST BE APPROVED 
BY THE AUTHOR.
Ma n s f i e l d  L i b r a r y  
Un i v e r s i t y  o f  Mo n t a n a
D a te  : 19  8 4
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
R E P R O D U C TIV E  ECOLOGY AND H A B IT A T  U T IL IZ A T IO N  
OF R IC H A R DSO N 'S  M ERLINS IN S O U TH E A STER N  MONTANA
By
Dale M . Becker  
B . S . ,  U n iv e rs ity  o f M ontana, 1980
Presented in partia l fu lf i l lm ent of the requirem ents fo r  the degree of
Master o f  Science 
U N IV E R S IT Y  OF M O NTANA  
1984
A pproved  b y :
C hairm an , Board of Examiners
D ê a n , G raduate  School
Date
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number: EP37859
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,




Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
uesf
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 -1346
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
A B S T R A C T
B e c k e r , Dale M. Wildlife Biology
R eproductive  Ecology and H ab ita t U tilization of Richardson's  
M erlins in Southeastern Montana (62 p p . )
D ire c to r:  I .  J . B a l l S ^ ^
R eproductive  ecology, food h a b its , hab ita t u t i l iza t io n , and  
eggshell q ua lity  of R ichardson's Merlins ( Falco columbarius  
r ich a rd so n ii) in southeastern Montana were examined. Breeding  
a c t iv i ty  spanned f ive  months. C lutch size , brood size, and  
fledg ing success a t active nests were similar (P  > 0 .0 5 )  among 
four y e a rs . B irds  comprised >90% of ind iv idua l prey items, 
and 61% of avian p rey  species w ere typ ica lly  associated w ith  
predom inantly  open hab ita ts . Horned Larks ( Eremophila  
a lp e s tr is ) , La rk  B untings ( Calamospiza melanocorys) , and  
V esp er Sparrows ( Pooecetes gram ineus) collectively comprised 
57% o f all p re y .  Home ranges "of th re e  breeding male M erlins  
encompassed approxim ately 13, 23 and 28 km?, and each male 
trav e led  a maximum of 8 to 9 km from his nest. These home 
ranges encompassed five  physiognomic hab ita t types .  
Percentages of total observations by hab ita t type indicated  
g rea tes t use of sagebrush and grassland hab ita ts . Sagebrush , 
r ip a r ia n ,  and ponderosa pine habitats  were used more (P  <
0 .0 5 )  than expected , b u t grassland and a g ric u ltu re  habitats  
received less (P  s 0 .0 5 )  use than expected . Comparisons of  
Montana eggshells w ith p re -p es tic id e  (p re -1 9 4 6 ) eggshells  
indicated 12% and 20% reductions in eggshell w eight and eggshell 
th ickness indices, resp ec tive ly . These reductions were  
s ign if ican t (P  s 0 .0 1 ) .  Seven organochlorine compounds were  
detected  in eggs collected on the s tudy area . T h e  overall 
management goal should be maintenance o f  a v iable  M erlin  
population and the hab ita t fe a tu re s  essential fo r its continued  
ex is tence . Management recommendations include limitation of  
a lte ra tio n  of ponderosa pine sideslope h a b ita t ,  res tric tion  o f  
ac tiv it ies  from 10 March th ro u g h  20 J u ly ,  rescheduling of  
a c t iv i t ie s ,  establishment o f  400 m zones o f no d isturbance  
su rro u n d in g  nests , limiting loss of p ra ir ie  hab ita t and  
sagebrush rem oval, limiting use of organochlorine compounds, 
rev iew ing potential impacts o f activ it ies  p r io r  to th e ir  
o c cu rren c e , and maintaining co nfiden tia lity  of nest locations.
I I
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C H A PT ER  I 
IN T R O D U C T IO N
The Merlin or Pigeon Hawk ( Falco co lum barius) is a small falcon 
th a t occurs over a large portion o f the N o rth ern  Hem isphere. E igh t
subspecies are recognized th ro u gh o u t the w o rld , and th ree  o f  these
breed in North America (B row n and Amadon 1968). T h e  Taiga
Merlin (F . c. co lum barius) breeds in the Boreal Forest of A laska ,  
Canada, and the n o rth e rn  United S tates. B reeding range o f  the  
Black M erlin  (F . c. s u c k le y i) extends from the humid Pacific coastal 
forests of southeastern Alaska southward to southwestern B rit ish  
Columbia and possibly into no rthw estern  W ashington. The
Richardson's M erlin  ( F. c. r ic h a rd s o n ii) , the subspecies of in te res t in 
this s tu d y , breeds in the p ra ir ie  park lan d s  of the n o rth ern  G reat  
Plains in Canada and the United States (Tem ple 1972a).
To date , most ecological studies o f N o rth  American M erlins have  
been conducted on R ichardson's M erlins inhab iting  the Canadian  
p ra ir ie  provinces. Breeding b io logy, m igratio n , w in ter in g  h a b its , and  
food habits of a population of R ichardson's M erlins in Saskatchewan  
were documented by Fox (1 9 6 4 ) .  O lip han t (1974) discussed breed ing  
chrono logy , b eh av io r , and food habits o f an urban  population in 
Saskatoon, and has continued to s tudy the status of th is population. 
B reeding ecology, habita t u t i l iza t io n , food h a b its , and limiting factors  
were subjects of research in A lb e rta  (Hodson 1976). Food caching
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and prey  utilized by R ichardson's M erlins in Saskatoon were  
documented by O liphant and Thompson (1977) and O liphant and  
M c T ag gart (1 9 7 7 ) ,  resp ective ly .
T h e  second major ty p e  of research on R ichardson's M erlins dealt  
with the apparen t effects  o f organochlorine residues on reproductive  
success. Fox (1971) documented declines in eggshell w e ig h t ,  
hatching success, and production o f  young M erlins in Canada. In 
A lb e rta ,  Hodson (1976) hypothesized th a t expanded cu ltivation  of 
shortgrass p ra ir ie ,  coupled w ith  the accumulation o f organochlorine  
residues in M erlins , were p rim ary  causes o f population declines. 
Behavioral abnormalities resu lting  from elevated organochlorine residue  
levels in Canadian Merlins were reported  by Fyfe  et £[. (1 9 7 6 ) .
O liphant and Thompson (1978) summarized recent breeding success of 
Richardson's M erlins in Saskatchewan and concluded th a t e a r l ie r  
concerns about the status of th is  subspecies, such as those expressed  
by T r im b le  (1 975 ), may have been u n w a rra n te d . F in a lly ,  Fox and  
Donald (1980) observed th a t  M erlins  w ith  h igher  
dichlorodipheny Id ichloroethylene (D D E ) residues exh ib ited  lower 
eggshell q u a lity ,  g re a te r  loss of eg g s , and lower hatching frequen cy  
than Merlins v/ith lower levels of pestic ide residues.
Research on R ichardson's M erlins in the United States has been 
qu ite  lim ited. Ellis (1976) discussed nesting hab ita t and re p ro c u c t iv e  
success of M erlins in w estern and centra l Montana. O ther  
documentation has dealt p r im arily  w ith  local accounts (S te w a rt 1975, 
C ra ig  and Renn 1977, Call 1978).
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Effective management of th is  species and its hab ita t requ ires
data on reproductive  param eters , food h a b its , h a b ita t u t i l iza t io n , and  
potential limiting facto rs . Th is  s tudy was conducted in southeastern  
Montana to collect data on these factors and others fo r  a population of 
Richardson's M erlins . Objectives o f the s tudy w ere to:
1) locate active nests , determ ine timing and duration  of b reeding  
a c t iv i t ie s , and assess reprod u ctive  success;
2) determine food habits;
3) determine the use of various  hab ita t types;
4) assess the effec ts  of chemical po llu tan ts , specifically
organochlorine pestic ides, on eggshell q u a lity  and rep ro d u ctive
success; an d ,
5) recommend management actions which will benefit Merlins and  
th e ir  habitat on the  s tudy area .
T h is  thesis consists o f f ive  manuscripts which will be submitted  
fo r  publication. Each m anuscript appears in the thesis as an 
indiv idual c h ap te r . The final chapter contains management
recommendations based on the resu lts  o f the s tu d y .
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CHAPTER II
EARLY N E S T IN G  RECORDS FOR MERLINS  
IN M O N TA N A  AND N O R TH  D A K O TA
A questionnaire rega rd ing  M erlin  ( Falco colum barius) eggs seni 
to several natura l h is to ry  museums in N orth  America revealed a
number of prev iously  un repo rted  sets collected in Montana and N orth  
Dakota. The f i r s t  breeding records for the M erlin  in Montana were  
recently  reported by Ellis (1 9 7 6 ) .  H ow ever, th ree  egg sets collected  
in Montana p re -d a te d  Ellis* (1976) re p o rt .  R .B .  H itz collected two  
eggs near Sun R iver  on 5 July 1867 (National Museum of Natura l
H is to ry , USNM 13478). Tw o eggs w ere  collected near Helena on 
26 May 1882 by A .H .  Palmer (M ilwaukee Public Museum, MPM 41 7 ).  
Th e th ird  se t, consisting of fo u r eggs collected in Dawson County on
11 May 1895, was collected by C .A .  T h u rs to n  (H a rv a rd  U n iv e rs ity
Museum of Com parative Zoology, MCZ 4285).
Several ea rly  nesting records fo r  M erlins  In N orth  Dakota were  
reported  by S tew art (1 9 7 5 ) .  A dditional nesting records fo r N orth  
Dakota include sets o f fo u r and f iv e  eggs collected in S ta rk  County  
by R. Dodd on 23 May 1897 and 25 May 1900, respective ly  (Western  
Foundation of V e r te b ra te  Zoology, VVFUZ 1077684 and 7 9 6 5 2 -5 ) .  A 
th ird  set was collected on 13 May 1924 near Columbus by an unknown  
collector (U n iv e rs ity  of Michigan Museum of Zoology, UMMZ 190898).
Museum records p rov ide  useful historical information on nesting
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M erlins in the United S ta tes , and can add to our knowledge o f the  
species occurrence in p a rt ic u la r  areas w here documented observations  
o r specimens are lacking.
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CHAPTER Ml
BREEDING CHRONOLOGY AND R E P R O D U C T IV E  SUCCESS
OF R ICH A R DSO N 'S  M ERLINS IN SO U TH EA STER N  M O N TA N A
T h e  M erlin  ( Falco co lum barius) is one of six species o f  falcons 
th a t occur in North America. T h re e  subspecies of North  American
Merlins are recognized (Tem ple 1972a). T h e  Richardson's M erlin  (F.
c. r ichard so n ii) occurs in the p ra ir ie -p a rk la n d s  of the no rth ern  G reat  
Plains.
Data perta in ing  to the ecology of R ichardson's Merlins have been  
generated  prim arily  from studies in the p ra ir ie  provinces of Canada. 
T h e  life h istory  of Canadian M erlin s , including breeding chronology  
and reproductive  success, was documented by Fox (1964, 1971). In 
A lb erta  and Saskatchewan, Hodson (1976) reported  th a t rep ro d u ctive  
success at Merlin nests th a t  fledged young was h ig h , b u t net
p ro d u c tiv ity  was v a r ia b le . An apparen t increase in rep ro d uctive  
success over th a t reported  by prev ious studies was discussed for  
M erlins in Saskatchewan by O lip han t and Thompson (1 978 ).
Information on R ichardson's M erlins in the United States is 
lack in g , although local populations or scattered breeding pairs occur  
in several western states (O l ip h a n t ,  In p re s s ) .  Th is  s tudy was 
in itia ted to document the rep ro d u c tiv e  ecology of a population of
Richardson's M erlins in Montana.
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s tu d y  Area
Breeding chronology and rep ro d uctive  success of Richardson's  
M erlins were examined on a 39,448 ha s tudy area in southeastern  
Montana. Sandstone buttes  and hills ranging to 300 m above the  
adjacent pra ir ies  and farm lands were common on the study area .  
Maximum elevation was 1 ,282 m above sea level. Vegetation consisted  
of approxim ately 27% fo rest cover and 67% grass lan d . T he  dominant 
forest species was ponderosa pine ( Pinus ponderosa] . Aspen  
( Populus trem ulo ides) , box e lder ( A cer negundo) , green ash 
( F rax inu s  penn sylvan ica) , and a v a r ie ty  of shrubs grew in more 
mesic sites. Major grassland species were w estern wheatgrass  
( A gropy ron sm ith ii) , blue grama [ Bouteloua g ra c il is ) , p ra ir ie  
junegrass ( Koeleria c r is ta ta ) , and n e e d le -a n d -th re a d  grass ( Stipa  
comata) . A g r ic u ltu re  was the major land use. Livestock graz ing  
occurred  th rough ou t the study a re a , and w heat, oa ts , b a r le y ,  and 
alfa lfa  were the most im portant crops.
T h e  climate in southeastern  Montana was ch aracterized  by  
fre q u e n t w inds, hot summers, cold w in te rs ,  and a sem i-arid  moisture  
regime. Annual p rec ip ita tion  averaged 39 cm, of which 70% fell from  
May th ro ugh  Septem ber. Monthly mean tem peratures d u r in g  the  
Merlin breeding season ranged from -8 ° C  in March to 33^C in J u ly .
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Methods
Breeding chronology and rep ro d u ctive  success o f R ichardson's  
Merlins were studied from March th ro u g h  September of 1978-1981. 
Breeding te rr ito r ie s  were located by tra v e rs in g  potential nesting
hab ita t ( i . e . ,  ponderosa pine stands) d u rin g  A p r il  and May. Nest 
sites were detected when adults  were flushed or exh ib ited  aeria l and  
vocal defense behav ior. When flushing was not observed but  
defensive adult M erlins were p re s e n t .  B lac k -b il led  Magpie { Pica p ica) 
nests in the v ic in ity  w ere examined.
Timing and duration  of b reeding ac tiv ities  w ere determined by  
observing Merlins from early  spring  th ro ugh  early  autum n.
O bservations of co u rtsh ip , ha tch in g , g row th  o f y o u n g , f le d g in g , and  
dispersal were documented at ac tive  nests. Numbers o f eggs, yo u n g ,  
and fledglings v/ere recorded d u rin g  th ree  v is its  to each nest:  
d u rin g  incubation, sh ortly  a f te r  h a tch in g , and ju s t p r io r  to fle d g in g .  
Precautions were taken to avoid undue d is tu rb ance  of adults  and  
young (F y fe  and O le n d o rff  1976).
Data collected d u rin g  nest v is its  were used to calculate
percentages of eggs hatched , young fle d g ed , and eggs resu lting  in 
f ledg ling s . Fledging success was calculated for active nests ("nests  
in which eggs have been la id") and successful nests ("occupied nests  
from which at least one young fledged d u rin g  the breeding season 
u n d e r  consideration") (Postupalsky 1974). Sex of nestlings was 
determ ined at approxim ately  two weeks of age. Larger foot size and
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la rg e r ,  less fu lly  developed bodies (Fox 1964), along w ith g re a te r  
tarsal diameter w ere genera lly  re liable characteris tics  of females.
S tuden t t - te s ts  w ere used to compare reproductive  success 
among y e a rs . Paired t - te s ts  w ere used to compare average clutch  
size , brood s ize , and number o f f ledg lings  per active nest w ith in  
years . C lutch size, brood size , and num ber of fledg lings per active  
nest fo r  the four years combined w ere compared using a combination 
of probabilities from tests of significance (F is h e r  1950). Unless  
otherwise noted, d ifferences  w ere considered s ign if ican t at <= = 0 .0 5 .
Results
Breeding Chronology
Th e earliest observation of an ad u lt M erlin  on the study area  
was 11 March 1978. Breeding activ it ies  spanned approxim ately five  
months from the earlies t observation of an ad u lt until the latest  
dispersal of adults and young (F ig u re  1 ) .
Males were observed a t breed ing  te rr i to r ie s  before females. 
C ourtsh ip  began shortly  a f te r  the a r r iv a l  of the females in early  A p ril  
and continued th ro u gh  f/iay (F ig u re  1 ) .  Eggs were layed from  
m id -A p ril  th ro ugh  late M a y . Females usually incubated eggs,  
although males w ere occasionally observed on nests for short periods .
Earlies t observed hatching occurred  on 24 Kiay 1980, and the  
latest on 27 June 1979. Nestlings were brooded from th ree  to five




Eg g la y in g
In c u b a t io n
H a tc h  ing
B roo d ing
N e s t l i n g
F le d g l in g
Dispersal
I  I t I I I I I— I— I— I— 1— I— I— I— I I I I
1 1 0  2 0  3 0  TO 2 0  3 0  1 0  2 0  3 0  1 0  2 0  3 0  I D  2 0  3 0  1 O 2 0  3 0  
M o n t h  M arch  A p r i l  M a y  June J u ly  A ugust
F igu re  1 . Breeding chronology of R ichardson's M erlins in 
southeastern  Montana. Horizontal lines indicate ranges of a c t iv i ty ,  
ve rt ica l lines indicate means.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
11
d a y s , and remained in the nest for 12 to 17 days before beginning to 
spend time on top of the nest canopy a n d /o r  in nearby branches .  
Young Merlins fledged from 26 to 33 [x  = 29) days a fte r  h a tch in g .  
Fledging dates ranged from 24 June to 18 J u ly .  Fledglings remained  
in the v ic in ity  o f the nest from 7 to 19 ( x  = 13) days a f te r  f le d g in g .  
T h e  latest dispersal o f young and adults  from a breeding te r r i to ry  
occurred  on 9 A ugust 1979.
R eproductive Success
F o r ty -e ig h t  active M erlin  nests w ere  located d u rin g  the s tu d y ,  o f  
which 43 (90%) were ultim ately successful in producing f ledg ling s .
All nests were o r ig ina lly  B lack-B illed  Magpie nests located in 
ponderosa pine trees on sideslopes o f bu tte s .
T he  number of eggs laid per nest did not v a ry  s ign if ican tly  from  
y e a r  to year d u rin g  th is  study (T a b le  1 ) .  Brood sizes v^ere also 
similar among y e a rs . Sex ratios of 157 nestlings indicated a s lightly  
g re a te r  proportion of females (53%) than males (47%). Numbers of 
f ledg lings per ac tive  nest did not d i f fe r  s ign if ican tly  among y e a rs .
In th ree  o f  the four y e a rs ,  and for the four years combined, 
s ign if ican t m ortality was observed from the time the eggs w ere laid 
until the Merlins fledged (T a b le  1 ) .  A verage c lutch size d iffe re d  
s ign if ican tly  from average brood size in 1978 , 1979, and 1980, while  
clu tch  size was similar to brood size in 1981. A verage num ber of 
f ledg lings  per active nest was smaller ( P < 0 .0 8 )  than average brood
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F Ie d g l i  ng/  









R esu l t in g  in  
F le d g i i  ngs 
t%)
1978 8 4.1 ± 0 .2 ^ 3 . 3  ± 0 . 4 " 3 .0  ± 0.6*^ 79 92 73
1979 18 4 .3  ± 0 .2^ 3 . 6  ± 0 . 4 " 3 . 3  ± 0 . 4' * 84 92 78
1980 15 4 .5  ± 0 .2^ 3 . 5  ± 0.4*^ 3 . 3  ± 0 .4 ^ 79 94 75
1981 7 4 .3  ± 0 .4^ 4 . 3  ± 0 ,4^ 3 . 3  ± 0.9^ 100 77 77
Combi ned 
data 48 4 . 3  ± 0.8^ 3 . 6  ± 1 . 4" 3 .3  ± 1.6*^ 84 90 76
Mean ± standard e r r o r .
^ M e a n s  w i t h i n  rows ( c l u t c h  s i z e ,  brood s i z e ,  f l e d g l i n g s  per a c t i v e  n es t )  w i th  
the same s u p e rsc r ip t  are  not s i g n i f i c a n t l y  d i f f e r e n t  (P> 0 .G 5 ) .
*  In 1979,  f l e d g l i n g s / a c t i v e  nest was smal ler  than brood s i z e  a t  = 6  0 . 0 8 .
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size in 1979. In 1978 and 1981, the number o f  f ledg lings per active  
nest did not d i f fe r  s ign if ican tly  from average brood size. For the  
fo u r years  combined, clutch s ize , brood size, and number of 
f ledg lings  per ac tive  nest w ere d i f fe re n t .
Discussion
Breeding Chronology
Th e presence of male M erlins in ea rly  March when the study area  
was f i r s t  v is ited  indicated th a t  some males had a rr iv e d  e a r l ie r ,  or  
possibly o v e r -w in te re d  in the area . Male Richardson's Merlins in 
Saskatchewan a r r iv e d  at breeding sites as ea rly  as late F e bruary  or  
early  M arch , up to a month before females (Fox 1964).
T h e  chronology of M erlin  breed ing  activ it ies  in southeastern  
Montana was similar to breed ing  chronology of captive R ichardson’s 
M erlins in A lb e rta  (Campbell and Nelson 1975) and wild Merlins in 
Saskatchewan (Fox 1964, O lip h an t 1974) and A lb e rta  (Hodson 1976).  
H ow ever, some breed ing  activ it ies  began ea r lie r  in the spring  in 
Montana than in Canada, As an example, the peak eg g -lay in g  date in 
Saskatchewan was 20 May (Fox 1964), b u t Merlins in IMontana had 
g enera lly  completed laying by th is da te .
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R eproductive  Success
R eproductive  success of R ichardson's M erlins remained re la t ive ly  
consistent th ro ugh ou t the s tu d y ,  as evidenced by the low 
y e a r - to -y e a r  v a r ia b i l i ty  of c lutch s ize , brood size, and number of 
fledg lings per successful nest. A verage  c lutch s ize , brood s ize , and 
number of fledg lings per successful nest fo r  the four years  combined 
were similar to results reported  by Fox (1964 , 1971 ) ,  Fox and Donald 
(1 9 8 0 ) ,  and O liphant and Thompson (1978) (T a b le  2 ) .  A verage clutch  
and brood sizes for the Montana study were near the upper range of 
values reported  by these a u th o rs , and although fledging data from  
other studies are lim ited, the average number of fledg lings in th is  
study was genera lly  h ig h e r .
Percentages of eggs which hatched and resulted in fledglings in 
southeastern Montana w ere w ith in  the range of values reported  by  
other au tho rs . Th e  hatching success rate  o f the Montana Merlins was 
h ig her than the 60% and 58% hatching rates reported  by Fox (1964) 
and Hodson (1 9 7 6 ) ,  re s p e c t iv e ly ,  b u t  96% fledged in Saskatchewan  
(Fox 1964). T h e  percentage of nestlings which fledged d u rin g  this  
study was w ith in  th is rang e.
M o rta lity  tendea to be h ighest p r io r  to hatching for the IMontana 
M e rlin s , as evidenced by the s ig n if ican t loss of eggs before the  
nestling stage. H ow ever, post-ha tch in g  m ortality  was common du rin g  
each y e a r ,  and fo r the four years  combined resulted in a s ign if ican t  
loss of M erlins between hatch ing and r ledg ing . Causes of m ortality  in
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Table  2 .  Reproduct ive success o f  Richardson 's  M e r l in s  in  var io u s  areas in the northern  









F le dg i i  ngs/  
Successful Nest
Fox, 1964 Saskatchewan 4 . 5  (10) 2 .7  (10) * -  -
Fox,  1971 Great  P l a in s  
( f o r e s t e d )
4 .1 (9) 4 . 0  (16 ) -----
Fox, 1971 Great  P l a in s  
( p r a i  r i e )
4 . 5  (10 ) 2 .7  (17 ) 2.8 (6 )
Hodson, 1976 A l b e r ta  and 
Saskatchewan
4 . 6  (15 6) 3 . 5  (107) 3 . 2  (108)
01i phant  and 
Thompson, 1978
Saskatchewan -  -  - 4 .0  (47)
Fox and Donald,  
1980
A1berta 4.1  (10) 3 .7  (10) " -  "
Fox and Donald,  
1980
A1 ber ta 3 . 4  (10) 1 . 9  (10 ) -
This  Study Montana 4 . 3  (48) 3 . 6  (48) 3 .7  (43)
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th is  s tudy were not specifically id e n t if ie d , b u t may have included  
predation on eggs and nes tlin g s , as well as inclement w eather at 
hatch ing tim e. Cold , ra in y  w eather in A lb e rta  d u rin g  the hatching  
stage o f  R ichardson's M erlins resulted in severe losses of ac tive nests  
(Hodson 1976). Human d is tu rb ance  did not appear to be a major 
cause o f nest fa i lu re s . Precautions w ere taken by study personnel to 
minimize d is tu rbance of breeding M erlins and nestlings , and the  
isolation of most nests made harassment from o th er human activ ities  
u n lik e ly .
Results o f th is  s tudy indicate th a t  the in itia tion and duration  of 
breed in g  activ ities  o f  R ichardson's M erlins in southeastern Montana 
w ere similar to those reported  for M erlins in Canada, although  
breed in g  ac tiv it ies  appeared to begin e a r l ie r  in the s p r in g .  
R eproductive  success rates for R ichardson's M erlins in southeastern  
Montana were g en era lly  h ig h e r  and more consistent among years  when 
compared to o ther s tud ies . M o rta lity  was h ighest before ha tch in g ,  
followed by the period between hatch ing and f led g ing . A lthough  
human d is tu rbance  from research ac tiv it ies  did not appear to be a 
cause of m o rta lity , ex ten s iv e  human activ it ies  such as energy and 
mineral exp loration  and developm ent or more intensive a g ric u ltu ra l  
practices may d is ru p t  b reed in g  ac tiv it ie s .
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FOOD H A B IT S  OF R IC H A R D S O N 'S  M ERLINS  
IN SO U TH EA STER N  M O N TA N A
In trodu ctio n
Early  information on food habits of M erlins ( Falco co lum barius) 
was de riv ed  p r im arily  from examination of stomach and crop contents  
(F ish er  1893, Bent 1938) and from observation o f hunting  and feeding  
ac tiv it ies  (C ra ig head  and C ra ighead 1940, Lawrence 1949). 
R eg urg ita ted  pellets w ere examined by B re ck en r id g e  and E rr ing ton  
(1938) and Johnson and Coble (1967) to determ ine food habits of 
M erlins in the n o rth c e n tra l United S tates. More re c e n tly , food habits  
of breeding M erlins have been examined and quantif ied  by analyses of 
p rey  remains g a th e re d  a t or near active nests in Canada (Fox 1964, 
O lip han t and M c T ag g art 1977, Hodson 1978) and in Europe (S p e rb e r  
and S perber 1963, Newton e t a l.  1978, Watson 1979).
L ittle  is known about the food habits  of Merlins breeding in the  
western United S tates . As p a r t  of an ecological study of 
Richardson's M erlins (F .  c . r ic h a rd s o n ii) breeding in southeastern  
Montana, food habits  were examined d u r in g  May th rough July of 1980 
and 1981 .
17
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S tudy Area
Data on food habits  of R ichardson's M erlins were collected on 
th re e  separate areas o f southeastern Montana. Each area consisted of 
hills and sandstone bu ttes  rang ing to approxim ately 300m above the  
adjacent p ra ir ie s  and farm lands. Grassland composed approximately  
67% o f the s tudy  a re a , and 27% was dominated by forest cover.  
Ponderosa pine ( Pinus ponderosa) was the major fo rest species. 
Aspen ( Populus trem ulo ides) , box e ld er  ( A cer negundo) , and green  
ash ( Frax inu s  penn sy lvan ica ) g rew  in more mesic locations. Prim ary  
grassland species included blue grama ( Bouteloua g ra c il is ) , western  
w heatgrass (A g ro p yro n  smithii ) ,  and n e e d le -a n d -th re a d  grass ( Stipa  
comata) . Dominant shrubs were big sagebrush ( Artemisia t r id e n ta ta ) , 
s ilve r  sagebrush (A . cana) , and snow berry  ( Symphoricarpos a lb u s ) .
Methods
D u rin g  May th ro u gh  Ju ly  o f 1980 and 1981, prey remains 
(co n to ur fe a th e rs , w in g s , legs, beaks , e t c . )  and reg u rg ita ted  pellets  
were collected a t or near 20 active Richardson's Merlin nests. Each 
nest was v is ited  at least th re e  times, and all prey remains p resent at 
the nest site or at nearby perches were removed and cataloged for  
la ter  id en tif ica tio n . Prey remains were in a iv id u a lly  examined and 
id en tif ied  to species when possible. When piles of feathers and other  
remains w ere located, p rim ary  feath ers  w ere counted in d iv id u a lly . I f
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less than 10 prim aries of a le ft  or a r ig h t  wing were p re s e n t ,  it was 
assumed th a t  one in d iv idua l b ird  had been consumed. When more 
than 10 prim aries from a le ft  or a r ig h t  wing w ere located, these were  
counted and d iv ided  by 10 to p ro v id e  the minimum number o f p rey  
ind iv idua ls  in vo lved . Pellets w ere in d iv id u a lly  soaked in w ater and  
examined u nder a va ria b le  power dissection microscope. B ird  and  
rep t ile  remains w ere iden tif ied  by comparison with museum specimens. 
Mammal skull remains w ere identif ied  by skull characteristics (Hoffman  
and Pattie 1968). Mammal ha ir  samples w ere identified  by dorsal 
g u ard  ha ir  characteris tics  (Moore e t a l.  1974). Insect remains were  
id entified  by comparison w ith  specimens collected in the fie ld .
C orre lation  o f  re la t ive  composition of p rey  d u ring  1980 and 1981 
was calculated by Spearman's rho (H a rn e t t  1970). S ignificance of the  
correlation was tested a t  the 0.05 level of s ignificance.
Results
A total o f 1,951 in d iv idua l prey  remains ( f l ig h t  fe a th e rs , w ings, 
legs, beaks , e t c . )  and 110 pellets were collected from nests and 
perches d u rin g  88 v is its  to nest sites. These items represented at 
least 427 ind iv idua l p r e y ,  173 in 1980 and 254 in 1981 (T ab le  3 ) .
B irds  comprised over 90% of total p rey  in both 1 980 and 1981, 
and accounted for an average  o f 92% of all p rey  (T a b le  3 ) .  
Seventeen (61%) o f 28 species of b ird s  identif ied  as prey  v/ere species 
typ ica lly  associated w ith  grasslands or predom inantly  open p ra ir ie
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Table  3 .  Food h a b i ts  of  Richardson 's  M e r l in s  i n  southeastern  Montana, 1980 and 1981.
1980 1981 COMBINED DATA
# o f  % % § o f  % % # of % %
Indiv  T o ta l  F re q*  In d iv  Tota l  F req*  In d iv  Tota l  Freq*
Bi rds
Horned Lark 48 27 .7  8 4 .4  68 2 6 .8  79.1 116 27.2  8 1 .8
( Eremophila  
a l p e s t r i  s )
Lark Bunt ing 26 1 5 .0  4 2 . 2  49 1 9 .3  79.1  75 17 .6  60.2
( Cal amospi za 
melanacorys)
Vesper Sparrow 9 5 . 2  1 5 .6  45 17.7  7 0 . 6  54 12.7  3 5 .2
( Pooecetes
qrami neus)
Mountain B lu eb ir d  16 9 . 2  20 .0  12 4 .7  16.3  28 6 . 6  18.2
( S i a l i a
c u r r o c o id e s )
Western Meadow!ark 7 4 . 0  1 5 .6  11 4 .3  1 4 .0  18 4 .4  14.8
( S t u r n e l l a
n e q l e c t a )
C h e s tn u t -c o l la r e d  6 3 . 5  11.1 10 3 . 9  4 . 6  16 3 . 8  7 .9
Longspur
( C a lca r iu s  o r n a t u s )
Red C r o s s b i l l  8 4 . 6  11.1 5 2 . 0  4 . 6  13 3 . 0  7 . 9
( Loxi a
curvi  r o s t r a )
American Gold f inch  3 1 .7  6 .7  6 2 . 4  1 1 .6  9 2.1 9.1
(Cardue l i  s 
t r i  s t i  s )
Chipping Sparrow 5 2 . 9  6 .7  2 0 . 8  4 . 6  7 1 .6  5 .7
( Spi z e l l a  
p a s s e r i n a )
K i l l d e e r  6 3 . 5  11.1 1 0 . 4  2 .3 7 1 .6  6 .8
( Charadr ius
voci fe ru s  )
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Tab le  3 .  c o n t in u e d
1980 1981 COMBINED DATA
# o f  % % # o f  % % #  o f  % %
In d iv  To ta l  F req*  In d iv  Tota l  F req*  Ind iv  Tota l  Freq*
Bi rds
Bobol ink 2 1 . 2  4 . 4  3 1 .2  7 . 0  5 1 .2  5 .7
( Dol ichonyx  
o r y z i v o r o u s )
Brown-headed 1 0 . 6  2 .2  4 1 . 6  7 . 0  5 1 .2  4 .5
Cowbi rd
( Molothrus a t e r )
Brewer * s Sparrow 3 1 .7  6 .7  2 0 . 8  4 . 5  5 1 .2  5 .7
{ Spi z e l l a  
b r e w e r i )
Brewer 's  B la c k b i r d  1 0 . 6  2 .2  4 1 .6  7 . 0  5 1 .2  4 . 5
( Euphaqus
cyanocephalus)
Lark Sparrow 3 1 .7  6 . 7  1 0 . 4  2 .3  4 0 . 9  4 .5
(Chondestes
qrammacus)
Townsend's 2 1 . 2  4 . 4  2 0 . 8  4 . 6  4 0 . 9  4 . 5
Sol i t a i  re
( Myadestes townsendi )
House Sparrow 1 0 . 6  2 .2  1 0 . 4  2 .3  2 0 . 5  2 .3
( Passer
domesti e u s )
Poor w i l l  2 1 .2  4 . 4  0 0 . 0  0 . 0  2 0 . 5  2 .3
( P h a la e n o p t i1 us 
n u t t a l 1 i i )
Red-winged 2 1 .2  4 . 4  0 0 . 0  0 . 0  2 0 . 5  2 .3
Blackbi rd
Age!ai us phoeni ceus )
American Robin 1 0 . 6  2 .2  1 0 . 4  2 .3  2 0 . 5  1.1
( Turdus
m ig r a to r i  u s )
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T a b le  3 .  c o n t in u e d
__________ 1980_______________   1981   COMBINED DATA___
# of  % % # of % % # o f  % %
In d iv  Total  F req*  Ind iv  Total  Freq*  Ind iv  Total  F req*
Bi rds
C l i f f  Swallow 1 0 . 6  2 .2  0 0 . 0  0 . 0  1 0 . 2  1.1
( P e t r o c h e l i  don 
p h y r r h o n a ta )
Eastern K in gb ird  1 0 . 6  2 .2  0 0 . 0  0 . 0  1 0 . 2  1.1
( Tyrannus
t y r a n n u s )
Savannah Sparrow 1 0 . 6  2 .2  0 0 . 0  0 . 0  1 0 . 2  1.1
( Passerculus  
sandwi chensi s )
Dark-eyed Junco 1 0 . 6  2 .2  0 0 . 0  0 .0  1 0 . 2  1.1
( Junco 
h y e m a l is )
Say's  Phoebe 1 0 . 6  2 .2  0 0 . 0  0 . 0  1 0 . 2  1,1
( Sayorni  s
saya)
Northern O r i o l e  1 0 . 6  2 .2  0 0 . 0  0 . 0  1 0 .2  1.1
( Ic te r u s
g a l b u l a )
Mourning Dove 1 0 . 6  2 .2  0 0 . 0  0 . 0  1 0 . 2  1.1
( Zenai da 
macroura )
Y e l 1ow-rumped 1 0 . 6  2 .2  0 0 . 0  0 . 0  1 0 . 2  1.1
Warbler
( Dendroi ca c o r o n a ta )
U n i d e n t i f i e d  Bird 1 0 . 6  2 .2  5 2 .0  1 1 .6  6 1 .4  6 . 8
S u b - t o t a l s  161 9 3 .3  232 9 1 .5  393 9 2 .2
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% % # of
COMBINED DATA___
% %#  O f   % #  o f
In d iv  Tota l  F re q*  Ind iv  Tota l  F req*  Ind iv  Total  Freq*
Insects
Grasshopper 
(Fami ly  
A c r i d i d a e )
Moth 
(Fami ly  
Noctuidae)
S u b - to t a l s
3 . 5  11.1 11 4 . 3  1 1 .6  17 4 . 0  11.4
1 .2  4 . 4  3 1 .2  7 . 0  5 1 .2  5 .7
4 .7 14 5 . 5 22 5 .2
Mamma 1s
Thi r t e e n -1 in e d  
Ground Squi r r e l  
( Spermophi1 us 
t r i  decemli n ea tus )
Myoti s Bat  
( Myoti s 
spp. )
Least  Chipmunk 
( Eutami as 
minimus)
S u b - to t a l s
0 .6  2 .;
2 . 4
7 2 .8  16.3  8 1 .9  9.1
1 .2  4 .4  0 0 . 0  0 . 0  2 0 . 5  2 .3
0 . 6  2.2  0 0 .0  0 .0  1 0 .2  1.1
7 2 .8 11 2 . 6
R e p t i 1 es
Northern S h o r t ­
horned L izard  
( Phrynosoma 
douglassi  
brevi  r o s t r e )
S u b - to t a l s
TOTALS
0.0  0.0





2 .3  1 0 .2  1.1
1 0 . 2
427 100.2
*  % f requency denotes the  percentage of  88 prey c o l l e c t i o n  v i s i t s  a t  which the  
p a r t i c u l a r  prey species was p r e s e n t .
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h a b ita ts . These species collectively comprised 83% of the total number 
of ind iv idua l p rey  reco rd ed . Horned Larks ( Eremophila a lp e s tr is ) , 
L a rk  B untings  ( Calamospiza melanocorys) , and V esper Sparrows  
( Pooecetes g ram ineus) collective ly comprised 48% of indiv idual p rey  
q u a n tif ie d  in 1980 and 64% In 1981. These th re e  species accounted  
fo r  57% o f  the total p re y  d u r in g  both y e a rs . In add ition , remains of 
these species were g enera lly  recorded w ith g re a te r  freq uency during  
p re y  collection v is its  than o ther  species.
Seven p re y  species were b ird s  typ ica lly  associated with forested  
h a b ita t .  These species represented  7% of the total prey du ring  both  
ye a rs .
T h e  only insects recorded as M erlin  p rey  were grasshoppers  
(Fam ily A crid id ae ) and moths (Fam ily N octu idae). These insects 
collectively comprised 5% o f the total p rey  (T a b le  3 ) .  Mammals 
accounted fo r  approxim ate ly  3% of the total p re y .  T h ir te e n -l in e d  
ground sq u irre ls  ( Sperm ophilus tridecem li neatus) w ere the mammal 
species most often recorded as M erlin  p re y .  T h e  only reptile  
recorded was one n o rth e rn  s h o rt-h o rn e d  lizard ( Phrynosoma douglassi 
b re v iro s tre ) .
T h e re  was a s ig n if ican t positive correlation between re la tive  prey  
composition d u r in g  1980 and 1981 (r^  = 0 .6 2 ,  P < 0 .0 5 ) .  A lthough
the num ber o f species recorded as M erlin  p rey  d if fe re d  between 1980 
and 1981 (33 v s . 23 sp ec ies ) ,  the re la t iv e  composition of p rey  species 
was similar.
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Discussion
T h e  resu lts  o f th is  s tudy i l lu s tra te  the importance of
g ra s s la n d /p ra ir ie  av ifauna as the major component of p rey  u tilized  by 
breed ing  R ichardson's M erlins in southeastern Montana. Similar 
resu lts  have been observed in studies of food habits o f Merlins  
breed in g  in the Canadian p ra ir ie s . Fox (1964) observed th a t about 
54% o f the p rey  items recorded on his s tudy  area in Saskatchewan
were Horned L a rk s ,  14% v;ere C h e s tn u t-co lla re d  Longspurs ( Calcarius  
o rn a tu s ) f and 13% w ere B row n-headed Cowbirds ( Molothrus a t e r ) .
V esp er S parrow s , Song Sparrow s ( Melospiza melodia) , and B aird 's  
Sparrows (Ammodramus b a ird i i ) each comprised s lig h tly  less than 7% 
of the  total p re y .  Hodson (1978) noted th a t  50% of p rey  items 
collected in A lb e rta  consisted of Horned L a rk  remains, and 37% 
consisted of C h e s tn u t-co lla re d  Longspur remains. In a study of p rey  
utilization by M erlins breed ing  in an u rb a n  setting in Saskatoon, 
Saskatchewan, O lip h an t and M c T ag g art  (1977) reported  th a t  
approxim ately 64% of 176 id en tif ied  prey items consisted of House
Sparrows ( Passer dcrnesticus) , 8% u n iden tif ied  sp arrow -s ized  b ird s ,  6% 
Horned L a rk s , and a v a r ie ty  o f o th er  b ird s .
Hodson (1978) hypothesized th a t Horned Larks and  
C hestn ut-co lla red  Longspurs were heavily  utilized as prey  by
breeding R ichardson's M erlins  in A lb e rta  because th e ir  methods of 
feeding were more noticeable th an  those of other grassland b ird s .  
Cliphant and M c T a g g a rt  (1977) suggested th a t  M erlins breeding in
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u rb a n  Saskatoon ca p tu re d  a large number o f  House Sparrows because 
th is species was ab un d an t a t  a g iven  time.
O bservations o f  h u n ting  hab ita t use from rad io -te lem etry  studies  
of breed ing  male R ichardson's M erlins on the Montana study area  
indicated th a t the  b ird s  hunted most often in open p ra ir ie  and 
grassland hab ita ts . Horned L a rk s ,  Lark  B unting s , and V esper  
Sparrow s were the  most conspicuous species, and ap paren tly  the most 
ab u n d an t in these ha b ita ts . T h u s ,  the p rey  species used by  
Richardson's M erlins in the Montana population may have been a 
resu lt o f how easily th ey  were observed by hunting  Merlins as well as 
how abun dan t th ey  w ere .
T h e  importance of open g rass la n d /p ra ir ie  habitats as hunting  
hab ita t fo r R ichardson's M erlins breeding in southeastern Montana is 
ev ident from prey  composition. Females genera lly  remained In the  
v ic in ity  of th e ir  nests d u r in g  the nestling period while males did most 
of the h u n tin g . C onsequently , some of the forest species taken as 
p rey  may have been captu red  rou tine ly  by  female Merlins tending  
th e ir  broods. Attem pts to manage hunting  hab ita t o f Merlins should 
address the importance o f p ra ir ie  grasslands and shru b lands . U nder  
the assumption th a t p rey  species heavily  u tilized  by Merlins are  key  
elements In determ ining the  v;etl-being of th is  population, it would be 
desirable to maintain as much g ra s s la n d /p ra ir ie  habitat as possible. 
Livestock g raz in g  has been a factor in c rea ting  the present condition  
of vegetation on the study area . Some a is tu rb an ce  of vegetation such 
dS th a t  associated w ith  g raz in g  m ight be expected to benefit certain
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b ird  species while being detrim ental to o th e rs . H igh er b reed in g  
densities of Horned Larks have been recorded on h e a v ily -g ra z e d  
Colorado rangeland than on l ig h t ly -g ra z e d  areas, bu t breeding  
densities of L a rk  B untings  were h igher on areas subjected to less 
g ra z in g  pressure  (R y d e r  1980). Hodson (1978) suggested th a t b ird s  
in g razed  areas in A lb e rta  may have been more susceptible to 
predation  by M erlins due to limited escape cover in such areas.
Increased d ry la n d  farm ing on the  study area could resu lt  in a 
decline in numbers of breeding M e rlin s , depending upon the degree of 
conversion of g rass la n d /p ra ir ie  hab ita t to crop land . A lthough Horned  
L a rk  densities on fallow cu lt iv a te d  lands in an A lb e rta  study v/ere 
re la t ive ly  h igher (Owens and My res 1973), densities of other species 
w ere v e ry  low. Horned Larks represented  a large proportion of  
Merlin p rey  documented in th is s tu d y ; ho w ever, the use of a v a r ie ty  
of species is also of in te re s t because it reflects  f le x ib il i ty  in food 
habits . T h e  degree of f le x ib i l i ty  th a t  M erlins could e x h ib it  d u r in g  
and a f te r  major changes in hab ita t is d i f f ic u lt  to ascerta in .
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CHAPTER V
HOME RANGE AND H U N T IN G  H A B IT A T  U T IL IZ A T IO N  OF BREEDING  
MALE R IC H A R D S O N 'S  M ERLINS IN SO U TH EA STER N  M O N TA NA
In tro du ctio n
T h e  R ichardson's M erlin  ( Falco columbarius r ichard so n ii) is 
p rim arily  an in h ab itan t o f s p a rs e ly -tre e d  p ra ir ie  and grassland  
habitats  in the n o rth e rn  G reat Plains. Nesting pairs  in the Canadian  
p ra ir ie s  use small g roves  of deciduous trees  along r iv e rs  (B en t 1938) 
and shelterbelts  (Hodson 1976) located adjacent to grasslands. In the  
w estern  United S ta te s , R ichardson's M erlins nest in deciduous  
r iparian  communities (Call 1978) and in coniferous stands in close 
prox im ity  to grasslands (E llis  1976, Postovit 1979).
Use of grassland habita ts  by hu nting  R icharascn's  M erlins has 
been indicated by resu lts  of food habits studies (B en t 1938, Fox 
1964, Hodson 1978). Deta iled information on Merlin  home range and 
habita t utilization is lacking in the l i te ra tu re .  Such information will 
be essential i f  land managers a re  to successfully manage Merlins and  
th e ir  hab ita t. T h is  p aper describes home ranges and habitat use of 
th ree  breeding male R ichardson's M erlins in southeastern Montana.
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S tu d y  Area
Data on home range and hab ita t u t iliza tion  were collected on a 
39,448 ha area in southeastern Montana. T h e  study area consisted  
la rge ly  of sag eb ru sh /g rass lan d  p ra ir ie .  Buttes and rolling h il ls ,  
dominated by stands of ponderosa pine { Pinus ponderosa) , w ere a 
major ph ysiographic  fe a tu re  of the  area . P ra ir ie  habitat was
dominated by shrubs such as big sagebrush ( Artemisia t r id e n ta ta ) 
and s ilver sagebrush (A .  cana) , and grasses including w estern  
w heatgrass ( A grop yron  sm ith ii) , blue grama ( Bouteloua g ra c i l is ) , 
p ra ir ie  junegrass ( Koeleria c r is ta ta ) , and need le -a n d -th rea d g ras s  
( Stipa comata) . A g r ic u ltu re  was the  dominant human ac tiv ity  in the  
study area , and w h eat, oats, b a r le y ,  and hay w ere prim ary crops.  
Livestock g raz in g  occurred  in fo res t and p ra ir ie  habitats  on and  
adjacent to the  study area .
Methods
A d u lt  male M erlins w ere captu red  near th e ir  nest s ites . A dho 
gazza trap p in g  dev ice , modified from th a t  aescribed by Beebe and 
Webster (1 9 6 4 ) ,  u t il ized  a perm anently  c r ipp led  G reat Horned Owl 
( Bubo v irg in ia n u s ) to lu re  the  M erlins into mist nests . A f te r  
c a p tu re . Merlins v/ere res tra ined  in a stocking while the tran sm itte rs  
were attached.
Merlins w ere f it te d  w ith  SM-1 tra n s m itte rs  m anufactured by the
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AVM In s tru m en t Company. Each tra n s m itte r  package weighed  
approxim ate ly  7 g .  T ra n s m itte rs  w ere attached v e n tra t ly  to the  
proximal end of the shaft of the centra l tail fea th er by two s trands of 
monofilament embedded in the tra n s m itte r  package. Two additional 
monofilament s trands stabilized the antenna on the fea th er a t  in terva ls  
of approxim ately  2 and 4 cm from the tran sm itte r  package. All 
monofilament s trands w ere secured by two square knots and epoxy  
glue .
T h e  b ird s ' movements were monitored for f ive  days (e ig h t hour  
periods) and d u rin g  portions (a  minimum of four hours) of 12 
additional days. One stationary  monitoring station and a mobile un it  
w ere used to tr ia n g u la te  locations. Locations of each b ird  v/ere 
monitored a t in te rv a ls  of 15 m inutes, and time, location, ana azimuth  
w ere recorded fo r  each monitoring e f fo r t .  Bearings were later plotted  
on u s e s  topographic maps (scale 67.4 mm = 1.61 km ). Home range  
of each male M erlin  was calculated by use of a planimeter and 
delineated by the minimum home range method (M ohr 1947).
H ab ita t types w ith in  each male M erlin 's  home range were  
delineated on the basis o f  physignomic features  and mapped on USGS 
topographic maps (scale 67 .4  mm = 1.61 k m ). Area and percentage of  
each habitat ty p e  w ere calculated w ith in  each home range. Pooled 
habita t use pa tte rn s  fo r rad io -ta g g ed  M erlins were evaluated with  
contingency tables, and numbers of observations in the various hab ita t  
types  were compared to expected  numbers by c h i-s q u a re  analysis  
(N eu  e t a l . 1974),




Home ranges of the  th re e  male M erlins ranged from approxim ately  
13 to 28 km^ and w ere elongated in shape (F ig u re  2 ) ,  T h e  home 
range of one male M erlin  overlapped home ranges of the o ther two, 
b u t no o ther  overlaps were noted. Home ranges overlapped v e ry  
l i t t le  in the v ic in ity  of the nest locations, b u t they overlapped
substantia lly  in hunting  areas. T h e  maximum distance th a t each male 
trave led  from its nest was approxim ately  8 to 9 km.
H ab itat U tilization
Home ranges of the th re e  male M erlins encompassed five  
physiognomic hab ita t types (F ig u re  2 ) .  T h e  ponderosa pine habitat  
ty p e  dominated the  sideslopes of the b u tte s , and consisted of mixed 
age and density  classes. T h e  grassland h a b ita t type  occurred  on the  
lowlands s u rrou n d in g  the b u tte s ,  and was characterized  by the
presence of p ra ir ie  grasses such as w estern  w heatgrass , blue gram a, 
p ra ir ie  ju n eg ra ss , need le -a n d -th re a d g  rass , and a v a r ie ty  of other  
species. Big sagebrush was the dominant vegetation in the sagebrush
habita t. T h e  p ra ir ie  r ip ar ia n  h a b ita t ty p e  was characterized  by
dominant shrubs such as s ilver  sagebrush and Wood's rose ( Rosa
woodsii) which grew  along the  banks of ephemeral streams. T he
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F ig u re  2 .  Home ranges^ h a b ita t  ty p e s ,  and radio locations o f  th re e  
breed ing  male R ichardson 's  M erlin s  in southeastern  Montana.
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a g r ic u ltu re  hab ita t ty p e  consisted o f g r a in ,  fa llow , and hay fie lds .
S agebrush , p ra ir ie  r ip a r ia n ,  and ponderosa pine hab ita t types  
w ere used s ig n if ican tly  (P < 0 .0 5 ) more than expected based on 
p roportionate  av a ila b il ity  o f these habitats (T ab le  4 ) .  Grassland and  
a g r ic u ltu re  hab ita t types  w ere u til ized  less (P <0 .05 ) than expected .
Discussion
Few comparative data on home range sizes or foraging distances  
of breed ing  M erlins are  availab le . Home ranges and maximum 
distances trave led  from nests by the th re e  Montana Merlins w ere large  
in comparison to pre lim inary  resu lts  of a te lem etry  study of two 
breeding M erlins (F .  c . aesalon) in G reat B rita in  (B ib b y ,  p e rs ,  
c o m m .). T h e  B rit is h  Merlins' home ranges encompassed 5 and 6 km^, 
and the b irds  tra v e le d  maximum distances of 2 to 3 km, resp ective ly .  
Factors involved in the  d iffe rences  between the results of th is  study  
and the B rit ish  s tudy  may have included d ifferences  in hab ita t w ith in  
home ranges, te r r a in ,  p re y  av a ila b il ity  and abundance, or some 
combination of these fa c to rs .
Results o f  th is  s tudy indicated a high degree of use of 
sagebrush hab ita t by breed ing  male R ichardson's M e rlin s . In dee d ,  
approxim ately 52% of all observed  radio locations of the th re e  males 
occurred  in sagebrush h a b ita t .
Locations of the th re e  ra d io -ta g g e d  male M erlins in grassland  
habitat occurred s ig n if ican tly  ( P  s 0 .0 5 }  less than expected .
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Table  4 .  Radio lo c a t io n s  o f  t h r e e  breeding male R ichardson's  Mer l in s  in  f i v e  h a b i t a t  
types in southeastern Montana.




Proport io n  
of  t o t a l
Observed 
# of  
1oca t ions
Expected 
# of  
1oca t ions
Habi ta t^  
s e l e c t i  on
Proport ion  observed 
in  each h a b i t a t  type  
and conf idence  
i n t e r v a l
Sagebrush 2770 43.4% 76 61 + 0 .5 4  ± 0.11
Crassland 2169 34.0% 22 48 - 0 .1 6  ± 0 .0 8
Agri c u l t u r e 1182 18.5% 12 26 - 0 .0 8  ± 0 .0 6
Pr ai  r i  e 
R ip ar ia n 209 3.3% 14 5 + 0 ,1 0  ± 0 .0 7
Ponderosa
Pine 0 .8% 17 I + 0 .12  ± 0 .07
Total 6381 141 141
+ denotes s i g n i f i c a n t l y  g r e a t e r  (P  & 0 . 0 5 )  use than expected.  
-  denotes s i g n i f i c a n t l y  less  ( P ^  0 . 0 5 )  use than expected.
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H ow e ver, food habits of breeding Merlins in southeastern Montana  
indicated th a t these b ird s  p reyed  heavily  on b ird s  typ ica lly  associated 
with grassland h a b ita ts , and similar results  have been repo rted  by  
Fox ( 1964) and Hodson (1 9 7 8 ) .  T h e  importance o f the grassland  
h a b ita t ty p e  in th is  s tudy  may have been u n d e r-re p re s e n te d  because 
hunting  perches w ere lack ing . As a re s u lt ,  grassland habitat may be 
im portant even though the M erlins spent re la t ive ly  l it t le  time perched  
th e re .
A p p aren t avoidance o f  a g r ic u ltu ra l hab ita t might have been 
in fluenced by a lack of perching sites or by lower habitat d iv e rs ity  
and a corresponding lower d iv e rs ity  o f potential prey species. 
H ab ita t d iv e rs ity  and g re a te r  corresponding prey  species d iv e rs ity  
in the p ra ir ie  r ip a r ia n  hab ita t ty p e  may have caused g rea te r  observed  
use of th is hab ita t than might be expected on the basis of the  
habitat's  proportion  to the Merlins' home ranges.
Locations of the male M erlins in the ponderosa pine habita t type  
may have occurred w ith  g re a te r  freq uency  than expected due to the  
males' habit o f spending a considerable amount of time at or near  
th e ir  nest sites between hu nting  t r ip s .  A lthough a study of food 
habits  of th is Merlin  population indicated th a t  about 7% of the p rey  
was composed of fo rest a v ifa u n a , observations in the nesting  
te rr i to r ie s  suggested th a t  these b ird s  w ere taken largely  by female 
M erlins .
A lthough the sample size of M erlins in th is  te lem etry  study was 
small, the results  prov ided  some usefu l information for habita t
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management on the s tudy area . M erlins relied heavily  on the  
d iv e rs ity  of h a b ita t and the ab un dant av ifauna of sagebrush and  
p ra ir ie  h a b ita ts . Management ac tiv ities  th a t would maintain or 
increase the d iv e rs ity  of these habitats  would be beneficial to both  
the M erlins  and th e ir  p r e y .  Th e  low use of a g ric u ltu ra l land by male 
M erlins indicated th a t such areas provided low q u a lity  hunting  hab ita t  
fo r them. Conversion of p ra ir ie /g ra s s la n d  habitat to ag ricu ltu ra l  
cropland would reduce the d iv e rs ity  o f M erlin  hunting  hab ita t. The  
fo res t habitat p rov ided nesting and hunting  h a b ita t ,  as well as 
perching and n ig h t roosting s ites. As a re s u lt ,  e ffo rts  to manage 
M erlin  hab ita t in th is  area should stress the importance of 
preservation  of ponderosa pine habitats  and the adjacent sagebrush/ 
grassland habitats  in the face o f Increasing conversion to ag ric u ltu ra l  
crop land.
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CHAPTER VI
EGGSHELL Q U A L IT Y  AND ORGANOCH LORI NE RESIDUES IN EGGS
OF R IC H A R D S O N 'S  M ERLINS IN SO U TH EA STER N  M O NTANA
Reductions in ra p to r  eggshell weights and eggshell th ickness  
indices have been associated w ith  accumulations of organochlorine  
res id u e s , p a r t ic u la r ly  d ich lorodiphenyld ich loroethylene (D D E ) in 
breed in g  adults  (New ton 1979). O rganochlorine pesticides became 
availab le  fo r  public  use in the United States in 1945 (USD! Fish and 
Wildlife Service 1966). Decreases in eggshell thickness accompanied 
by population declines in Bald Eagles ( Haliaeetus leucocephalus) , 
O spreys  ( Pandion ha lia tu s ) and Peregrine  Falcons ( Falco p e re g r in u s ) 
began in 1947 (H ic key  and Anderson 1968).
Evidence of organochlorine pesticide contamination and its effects  
on M erlins ( Falco co lum barius) in G reat B rita in  w ere presented by  
R atc liffe  (1 9 7 0 ) ,  Newton (1 9 7 3 ) ,  Newton et a l.  (1 9 7 8 ) ,  and Newton et  
a l. (1 9 8 1 ) .  In N orth  Am erica, the effects of chlorinated  
hydrocarbons on M erlin  rep ro d u c tiv e  success have been studied  
mainly in Canada (Fox 1971, Temple 1972b, Fyfe  e t  a l. 1976, Hodson 
1976, Fox and Donald 1980). In the United States, published  
information is limited to analysis of residues in th ree  eggs th at failed  
to hatch at a Montana nest (E llis  1976).
Th is  paper describes eggshell weights and thickness indices and 
organocholorine residue concentrations in R ichardson's Merlin (F .
37
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r ic h a rd s o n ii) eggs collected in southeastern M ontana. Results are  
compared w ith  similar measurements of p re -p es tic id e  era (p re -19 46 )  
M erlin  eggshells collected at various locations in the no rthern  Great  
Plains. Potential e ffec ts  of declining eggshell quality  and pesticide  
contamination on reproduction  of the Montana population are  
discussed.
S tu d y  Area
T h e  study area encompassed 39,448 ha in southeastern Montana. 
H ab ita t used by breed ing  Merlins consisted of hills and sandstone 
b u tte s  rang ing  to approxim ately  300 m above the adjacent p ra ir ies  and  
grass lands . V e g e ta t iv e  cover on the area was composed of 
approxim ately  27% fo re s t cover and 67% grassland. T h e  dominant 
fo rest species was ponderosa pine ( Pinus ponderosa) , a lthough  
scattered stands o f aspen ( Populus trem ulo ides) , box e lder ( Acer  
negundo) and green  ash ( F rax inu s  penn sylvan ica) grew  in more mesic 
sites. Principal grassland species w ere big sagebrush ( Artemisia  
t r id e n ta ta ) , s ilve r  sagebrush (A . cana) , w estern snow berry  
( Sym phoricarpos a lb u s ) , w estern  wheatgrass ( A grop yron  sm ith ii) , 
blue grama ( Bouteloua g ra c i l is ) , p ra ir ie  junegrass ( Koeleria c r is ta ta ) , 
and need le -a n d -th re a d g  rass (S tip a  co m ata ).
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D u rin g  1979 though 1981, in tact M erlin  eggs th a t failed to hatch  
were collected fo r  analyses of eggshell q u a li ty .  Contents o f eggshells  
were removed th ro u g h  a hole < 3 mm in d iam eter, and eggshells were  
washed and a ir -d r ie d  fo r  at least 90 days . Merlin eggshells main­
tained by vario us  na tura l h is to ry  museums were used as a control 
sample fo r comparison of eggshell q u a lity  w ith  eggs collected on the  
study a re a . To  avoid potential biases caused by natural d ifferences  
in eggshell measurements among subspecies, only egg sets collected 
w ith in  the breed ing  range o f R ichardson's Merlins were included in 
the control sample (Tem ple  1972a). Length and breadth  of each 
eggshell were measured to 0.01 mm and each eggshell was weighed to 
the nearest 0.001 g .  Eggshell th ickness indices were calculated by
the formula w/1 X b; where w = w eight (m g );  I = length (m m ), and b
= b read th  (mm) (R a tc lif fe  1967).
D ifferences between mean eggshell w eights and eggshell
th ickness indices o f the Montana sample and the pre-1946 sample were  
compared w ith  s tudent t - te s ts  (Steel and T o rr ie  1980). Results were  
considered s ign if ican t at « < 0 .0 1 .
Four Merlin eggs collected from four d i f fe re n t  clutches were
analyzed for concentrations of o rg a n c c h lo r in e s . A f te r  the eggs were  
collected, they w ere w rapped in aluminum fo il, f ro ze n , and shipped to 
P atuxent Wildlife Research C en te r  for analyses. Contents were  
removed from eggshells and analyzed for D D E , d ich lo ro d ip h en y ld i-
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chloroethane ( D D D ) ,  d ich lorod iphenyltr ich loroethane ( D D T ) ,  d ie ld r in ,  
heptach lor epoxide, o x ych lc rd a n e , c is -ch lo rd an e , tra n s -c h lo rd a n e , 
c is -n o n a c i\ lo r , e n d r in ,  toxaphene, and poiy-cholorinated b iphenyls  
( P C B ) .  A na ly tica l methodology followed th at described by Cromartie  
et a l.  (1 9 7 5 ) .
Results
Eighteen in tact R ichardson's M erlin eggs were collected in 
southeastern Montana d u rin g  the s tu d y . Weights of these eggshells  
ranged from 1440 to 1570 mg (x  = 1468, S .D .  = 3 4 ) ,  compared to a 
range of 1326 to 1870 mg (x  = 1677, S .D .  = 127) for 71 pre-1946
M erlin eggshells . A verage  w eight o f the Montana eggshells was 12% 
lower ( t  = 6 .8 ,  P < 0 .0 1 )  than the average weight of the
p re -p e s tic id e  eggshells .
Eggshell th ickness indices fo r  the Montana Merlin eggshells  
ranged from 1.02 to 1.21 (x  = 1 .0 7 ,  S .D .  = 0 .0 4 )  and were 20% lower
( t  = 1 4 .3 ,  P < 0 .0 1 )  than th e  pre-1946 th ickness indices, which
ranged from 1 .20 to 1 .54 (x  = 1 .33 , S .D .  = 0 .0 7 ) .
Residues of seven organochlorine compounds were detected in the
contents of M erlin  eggs analyzed for pesticide contamination (T ab le
5 ) .  Residue concentrations of DDE ranged from 1.1 to 9 .5  ppm 
(c o rre c te d  wet w e ig h t ) ,  and were detected in all four eggs. 
D ie ld r in ,  heptachlor epox ide , o x y c h lo rd a n e , c is -c h lo rd a n e , 
tran s -c h lo rd a n e  and PCB residues w ere also detected in some samples.
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Table  5 .  Org anoch lo r ine residues i n  four  Richardson's  M e r l i n  eggs c o l l e c t e d  in  
southeaster n Montana between 1978 and 1981,
Concent ra t ion  (ppm corected wet we ight )  
Sample No.
Compound 1 2  3 4
p,p^ -  DDE 9 . 6 8 .7 7 . 2 1.1
D i e l d r i n 0 .2 3 0 .2 3 0 .54 - - -
Heptach lo r  epoxide 0 .23 0 .35 0 .24 - - -
Oxychlordane 0 .23 0 .18 0.10 - - -
c i  s -  Chiordane -  -  - 0 .16 ---- ----
t r a n s  -  Chiordane 0 .0 8 0.27 ---- ----
E s t . 2 PCB 0 .3 4 0 .8 9 ---- ----
1
p ,p  = p a r a ,  para .
 ̂ E s t .  = Est imated residue l e v e l .
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O th e r  organochlorine  compounds th a t  were not detected included D D D ,  
D D T ,  c is -n o n a c h lo r , e n d r in ,  and toxaphene.
Discussion
T h e  s ig n if ican t decrease in eggshell w eight (12%) from pre-1946  
levels is sim ilar to resu lts  o f an eggshell th inn ing  study by R atc liffe  
(1 9 7 0 ) .  Mean w eights in th a t  study w ere 1 .6  g for eggshells collect­
ed from  1901-46 and 1 .4  g fo r  eggshells collected from 1947-69, which  
represen ted  an 11% decrease. A 23% decrease in eggshell w eights of 
M erlin  eggshells collected in Canada from 1950-69, as compared w ith  a 
sample collected from 1930-49 , was documented by Fox (1 9 7 1 ).
Several studies in G reat B rita in  and N orth  America have  
documented s ig n if ican t decreases in eggshell thickness indices of 
eggshells collected more recently  compared to p re -p es tic id e  era  
eggshells . R a tc liffe  (1970) and Newton (1973) repo rted  a 13% decline  
in eggshell th ickness  indices o f post-pestic ide  era eggshells from  
levels noted in p re -p e s t ic id e  eggshells . In  more recent B rit ish  
stu d ies , Newton e t a l.  (1978) and Newton e t a l.  (1981) documented
decreases in th ickness indices of 22% in N orthum berland and 21% in
the  Peak D is t r ic t .  A 9% decrease in th ickness indices in M erlin  
eggshells from eastern  Canada was rep o rted  by Temple (1 9 7 2 b ).  A
s tu dy  in A lb e rta  (Fox  and Donald 1980) revealed declines of 10% in
eggshell th ickness indices from p re -p e s tic id e  levels fo r  samples 
containing low levels o f  organochlorines and 25% in indices of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
43
samples w ith  h igh  leve ls . T he  20% decrease reported  for the Montana 
M erlins  is v/ithin th e  up p er range of the resu lts  of these studies.
I t  is impossible to precisely id en tify  the source of the
organocholorine compounds found in Merlin eggs in southeastern
M ontana. D ie ld rin  and D D T  w ere used in Montana in the 1960's and 
e a rly  1970*s, and heptach lor, e n d r in ,  l indane, and toxaphene are  
c u r re n t ly  reg is tered  fo r application in the state (McOmber, pers .  
com m .). M erlins th a t  breed in Montana may also accumulate 
organochlorine residues by consuming contaminated prey  along
m igra to ry  routes or in o v e r -w in te r in g  areas. Leg bands from Merlins  
banded in A lb e rta  have been recovered as fa r  south as Mexico and 
Costa Rica (B an asch , p e rs . com m .). Recent research by Henny et 
a l. (1982) indicated th a t  Peregrine  Falcons may be accumulating
pesticide residues on w in te r in g  grounds in Latin America. Regardless  
of the source o f  the organochlorines , the presence of seven of these  
compounds in M erlin  eggs from southeastern Montana indicates that  
organochlorine contamination may be co n tr ib u tin g  to lowered eggshell 
q u a lity  in th is population .
T he DDE residues in th e  fo u r  eggs analyzed are  lower than peak  
concentrations p rev ious ly  reported  fo r M erlin  eggs. Ratcliffe (1970) 
reported DDE concentrations as high as 19.8 ppm wet weight in 
M erlin  eggs collected in B r i ta in ,  and concentrations of DDE averaged  
9 .4  ppm wet w eight in th re e  eggs collected in central Montana (Ellis  
1976). T h e  concentrations found in th is  study may be high enough  
to affect the re p ro d u c t iv e  success o f th is  population. Fyfe et al.
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(1976) repo rted  th a t a DDE concentration of 6 ppm wet weight  
(assuming 6% lip id) was genera lly  associated with decreased  
production  of young M erlins .
D ie ld r in  has also been implicated as a possible cause of eggshell 
th in n in g  (R a tc lif fe  1970). S ub -le tha l levels of d ie ld r in  consumed by 
P ra ir ie  Falcons ( Falco mexicanus) have been corre la ted w ith  
reductions in eggshell th ickness indices (Enderson and B erger 1970). 
G re a te r  to x ic ity  has been reported  for b irds  w ith  d ie ldrin  residues  
than  b ird s  w ith  residues of D D T or its metabolites (F y fe  et a l. 1969).
Heptachlor epoxide residues have been found in eggs and body
tissues o f M erlins in G reat B rita in  and North  America (F y fe  et al. 
1976, R atc liffe  1970, Henny et a l.  1976, Hodson 1976, Fox and Donald 
1980). Heptachlor ep o x id e , like d ie ld r in ,  has been reported  as 
being h igh ly  toxic (F y fe  e t al. 1969). Heptachlor epoxide
concentrations in a dead m igrant Merlin were at levels high enough to
be suspected as the cause of death (H en ny et a l. 1976). Blus et al. 
(1983) repo rted  potentia lly  lethal levels o f heptachlor epoxide in 
carcasses o f two R ed -shouldered  Hawks ( Buteo lineatus) and one 
G reat Horned Owl ( Bubo v irq in ia n u s ) .
Chlordane has recently  been reported  as the prim ary cause of 
death in th ree  cases involv ing  m ortality  of Red-shouldered Hawks and 
G reat Horned Cwts (D Iu s  et al. 1 9 8 3 ) .  A lthough the authors noted 
th a t chlordane is routine ly  detected in environrriental samples, they  
noted th a t to x ic ity  could probab ly  occur vvith the accumulation of 
hazardous levels of the compouna.
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Residual levels of PCB have been detected in most recent studies  
of pestic ide contamination in Merlins (R a tc lif fe  1970, Newton 1973, 
F yfe  et a l.  1976, Henny et al. 1976, Newton et a l. 1978, Fox and  
Donald 1980, Newton et a l.  1981), and may have contributed  to 
declines in eggshell q u a l i ty .
T h e  decline in M erlin  eggshell q u a lity  and the presence of six  
organochlorine compounds in Merlin eggs in southeastern Montana is 
an indication th a t the  reproductive  capacity of th is population of 
M erlins  might be ad verse ly  a ffec ted . A lthough the present repro ­
d u ctive  success of th is  population is comparable to or somewhat 
h ig h e r  than th a t  of M erlin  populations elsewhere, the decline in 
eggshell qu a lity  since 1946 is a w arning th a t th is population may 
produce few er numbers of young in the fu tu re  due to eggs fa iling to 
h a tch . Hence, eggshell q u a l i t y , organochlorine contamination, and 
repro d uctive  success o f th is  population should be closely monitored in 
the fu tu re  to enable managers to id en tify  downward trends in the  
rep rod u ctive  capacity  o f M erlins.
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MANAGEMENT RECOMMENDATIONS
Since O le n d o rff  and S toddart's  (1974) review of rap tor  
management possibilities on western g rass lands , in te res t in the  
management of rap tors  and th e ir  management has g rea tly  increased. 
Four hu nd red  and t h i r t y - f iv e  t it les  on these subjects were added to 
the l i te ra tu re  base d u rin g  the period of 1973-1980 was reported by  
O le n d o rf f  e t a l.  (1 9 8 0 ) .  To da te , how ever, v e ry  little  l i te ra tu re  
exists  on the management of Merlins and th e ir  hab ita t. Th is  study  
prov ides managers w ith  basic information on ecology, reproductive  
param eters , food h a b its , hab ita t u t il iza t io n , and potential limiting  
factors of Richardson's M erlins.
T h e  overall goal o f M erlin  management on the study area should 
be maintenance of a v iab le  population of M erlins and the perpetuation  
of essential h a b ita t fe a tu re s . Management activ ities aimed at 
achieving of th is  goal involve the following; 1) population and 
pesticide m onitoring; 2) management a n d /o r  manipulation of habitat;  
3) management o f human a c t iv it ie s , and 4) additional studies.
Population and Pesticide Monitoring
Management ac tiv ités  for M erlins on the study area should 
include a periodic population monitoring program conducted at
46
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in te rv a ls  of no more than f ive  ye ars . Field surveys of known 
breed ing  areas should be conducted, and the reproductive  success 
should be evaluated using methods similar to those used in this  
s tu d y . Consistency in methodology will allow comparison of resu lts ,  
and will also re f le c t changes in local population levels or reproduction  
( i . e . ,  egg p ro d u c tio n , egg or nestling m o rta lity , or fledging  
success). I f  serious problems are de tec ted , monitoring programs  
should continue in subsequent y e a rs . Periodic monitoring of eggshell 
q u a lity  and pesticide residue levels in eggs and prey  species at 
in te rva ls  o f f ive  years  is also recommended. I f  problems related to 
eggshell q u a lity  are documented, additional monitoring in subsequent 
years  should be u n d e rta k e n . Methods of arres ting  downward trends  
in population levels and eggshell quality  should then be thoroughly  
exam ined.
Management or Manipulation of H ab ita t
Nesting H ab ita t
Nesting hab ita t used by breeding Merlins on the study area  
consisted pr im arily  of m ixed-age ponderosa pine stands of low -to -  
moderate d e n s ity . These stands were located almost exclusively on 
the sideslopes of bu ttes  and h ills , and they were generally  dominated 
by a few pines of g re a te r  age, d iam eter, and he igh t. Merlins  
selected old nests o f B la c k -b il le d  Magpies located in these trees .
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C an opy-co vered  nests located less than 2 m from the top of the tree  
were favored by breed ing  Merlins (B e c k e r ,  un pu b l. d a ta ) .
A va ilab il ity  o f suitable nesting sites for Merlins was heavily  
dependent on the presence of unused B lack-b illed  Magpie nests . A ny  
large local decline in B lack-b illed  Magpies would like ly  resu lt in a 
subsequent loss o f nesting sites for Merlins and an associated decline  
in the  numbers of breeding pairs of Merlins on the study area . Such 
a loss of nest sites could be compensated by development of art if ic ia l  
nests or by moving B lack-b illed  Magpie nests from other areas.
H unting  H ab ita t
Approxim ate ly  70% of the radio-locations were recorded in 
sageb ru sh /g rass lan d  hab ita t ty p es . Analysis of food habits indicated  
th a t p ra ir ie  b ird s  w ere an im portant component of the M erlin 's  d ie t .  
These find ings indicated th a t sagebrush and grassland habitats were  
extrem ely im portant fo r  p ro v id in g  an adequate prey base to sustain  
the Merlin population. C u lt iva tion  of portions of these habitats would 
lower prey  densities , and thus lower the ca rry in g  capacity of  
breeding M erlins.
Livestock g raz in g  in M erlin  hunting  habitat would benefit avian  
species that favo r open habitats  ( i . e .  Horned Larks) while densities  
of species genera lly  associated w ith  denser vegetative cover ( i . e .  
Western Meadowiarks) would decline i f  cover were severely reduced  
(R y d e r  1980). Hodson (1978) reported  th a t grazed grasslands may
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have benefited  hunting  Merlins because of reduced hiding cover for  
avian p re y .  T h is  situation probab ly  also existed on the Montana  
study a re a . Because Horned L a rk s , Lark  B u n tin g s , and V esper  
Sparrow s comprised over ha lf o f all identified p re y ,  these species 
could be considered key prey  species for M erlins on the study area.
A combination of low-to-m oderate g raz in g  intensities on 
sagebrush and grassland habitats on and adjacent to the study area  
p robab ly  created a d iverse  mosaic of favorable habitats for the th ree  
major p rey  species as well as others utilized by the Merlins.
Management of Human A ctiv it ies
T im ber management, minerals and energy exploration and 
developm ent, a g r ic u ltu re ,  range management, and recreation were the  
major human ac tiv it ies  on and adjacent to the study area. Each of 
these was evaluated fo r  th e ir  potential effects on breeding Merlins  
and the potential fo r  minimizing the adverse effec ts .
T im ber Management
T im ber management ac tiv ities  include timber sale prep ara tio n ,  
construction of access roads, tim ber h a rv e s t ,  post-and-po le  h a rv es t,  
slash disposal, th in n in g ,  and prescribed  b u rn in g . These ac tiv it ies ,  
if  und ertaken  in the sideslope ponderosa pine stands on the study  
area , could resu lt in ad verse  impacts on breeding Merlins including
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toss of nesting hab ita t or sh o rt-te rm  d isru ption  of breeding ac tiv it ies .  
Because many tim ber management ac tiv ities  occur during  spring  and  
summer m onths, the potential fo r conflict is h ig h . D uring  late 
summer and autumn months, the potential fo r  conflict is neglig ib le .
M ineral and Energy  Exploration and Development
In recent y e a rs ,  southeastern Montana has been a center of 
a c tiv i ty  fo r  explora tion  and development activ ities for coal, o i l , 
natura l gas , b e n to n ite , and uran ium . These activ ities will probably  
continue to occur in the fu tu re .  Increased exploration and 
development activ it ies  on the  study area will resu lt in conflicts vnth 
M erlin s . These conflicts may occur in the form of lowered 
rep ro d u ctive  success due to d isturbance of nesting pairs or loss of 
im portant nesting or hu nting  hab ita t.
A g r ic u ltu re
A g r ic u ltu re ,  specifically  cu ltivation  of cereal gra in  crops, could 
have a detrim enta l e f fe c t on breeding Merlins and population levels if  
a large percentage of na tive  sagebrush / grassland is converted to 
farm land. Prey densities , specifically grassland b ird s , might then  
decline to levels unable to support a v iable  population of M erlins. 
More in tensive farm ing could also be detrimental to Merlin populations  
th rough  use of chemical compounds, p a rt icu la r ly  orgariochlorine
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insecticides or seed trea tm ents , by causing a reduction in eggshell 
q u a lity  and a resu lting  decrease in reprod uctive  success.
Range Management
Range management ac tiv ities  genera lly  requ ire  va ry in g  degrees  
o n -s ite  a c t iv i ty .  Checks of l ivestock , routine repa ir  of fences or well 
equipm ent, and utilization  studies are short-term  activ it ies .  
Impoundment co n stru c tio n , w e l l -d r i l l in g ,  and fence-bu ild ing  are longer 
in d u ra t io n . These activ it ies  may requ ire  some minor a lteration of 
scheduling to minimize d is tu rbance of breeding Merlins during  March  
th ro ugh  Ju ly . in ten s ive  grazing  or over-stock ing  may reduce  
ve g eta tive  d iv e rs ity  o f sageb ru sh /grass lan c  hab ita ts , and thus Merlin  
p rey  d iv e rs ity  may decline.
Recreation
Recreation ac tiv it ies  on the study area include dispersed  
recreation ( i . e . ,  h u n t in g ,  snowmobiling, e tc . )  or developed recreation  
( i . e . ,  use of developed recreation facilities such as campgrounds and 
picnic g rounds) . D ispersed recreation activiiies are generally  
temporary and seasonal, and thus they would probably not be of 
g re a t  significance as a d is tu rb ance  factor for M erlins . Placement of 
developed recreation fa c il it ie s , because of th e ir  permanent nature  and 
th e ir  tendency to be a g a th e rin g  place for people, could pose a th re a t
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to local nesting pairs of M erlin s . T h u s ,  known Merlin breeding  
habita t should be avoided in campground or picnic ground s it in g .
G uidelines for Management of Human A ctiv it ies
T h e  following guidelines fo r management o f human activ ities were  
designed to minimize d isturbance of breeding Merlins and loss of
h a b ita t .  These guidelines should be consulted and used on a
case-by-case  basis by  managers evaluating a lternative  actions when 
conflicts arise between Merlins and the human activ ities discussed  
above.
1) Limit human a c t iv i ty ,  especially long-lasting or noisy 
ac tiv ities  in sideslope ponderosa pine habitat where  
breeding M erlins are observed or in which breeding Merlins  
have been observed in previous years .
2) Schedule ac tiv it ies  outside o f the period of 1 March th rough  
20 July to avoid undue d isturbance of Merlin breeding  
ac tiv it ies .
3) When in tensive  human ac tiv ity  in sideslope ponderosa pine  
h a b ita t cannot be avoided or scheduled outside the period  
of 1 March th ro ug h  20 J u ly ,  field reconnaissance of the  
area should be conducted by a w ild life  biologist to 
determ ine i f  b reed ing  Merlins or active nests are located in 
the v ic in i ty .  I f  e ith e r  is p res en t, possible conflicts and 
management options should be discussed. Reconnaissance
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should be conducted e ith er  d u rin g  courtsh ip  activ ities  {20 
March th rough  15 May) or d u rin g  the nestling period (20 
May th ro ugh  20 J u ly ) .
4) In areas in which conflicts between Merlins and human 
ac tiv ities  may occur, a 400 m zone of no d isturbance  
su rround ing  known or suspected nest sites in all d irections  
should be estab lished. Size of the zone of no disturbance  
was based on the average size o f areas defended by  
te rr i to r ia l  defensive ad u lt M erlins . Restriction of ac tiv ity  
w ith in  the  400 m zone should remain in effect from 1 March  
to 20 J u ly . Casual sh ort-te rm  activ ities such as moving 
l ives to ck , fence re p a ir ,  passage though the area , etc .  
should not be regarded as serious d isturbances.
5) Grassland and sagebrush-dom inated grassland habitats  
should be maintained to the g rea tes t degree possible.
6) R es t-ro ta t io n  g raz in g  plans or similar a lternatives  th a t  
maintain a mosaic o f areas of various livestock grazing  
in tensities should be encouraged. Such systems should 
p rov ide  d iv e rs ity  of hab ita ts  for Merlin prey  species ( i . e . ,  
grassland b i r d s ) .
7. A ny  conversion of sagebrush-dom inated habitat to grassland
should be accomplished in a manner th a t leaves blocks of 
sagebrush hab ita t in tact to insure  habitat d iv e rs ity .
8) O rganochlorine  compounds should not be used on or
adjacent to the study area .
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9) Roads, recreation s ites, or industria l facilities should be 
constructed  only a f te r  a thorough review of the location, 
timing of use of the fa c i l i ty , and possible impacts on 
breeding Merlins and th e ir  h a b ita t. Activ it ies  associated 
with planned siting should be subject to guidelines on 
location, scheduling , and zones of no d is turbance.
10) Nest locations should not be disclosed except for legitimate  
research or management needs.
Recommendations fo r  Additional Studies
in addition to periodic m onitoring, two additional management- 
oriented  studies are recommended. A s tronger information base for  
use in M erlin  hab ita t management and management of d isturbance as it 
applies to M erlins could be gained from the following studies.
1 ) An expanded radio te lem etry  study to more thoroughly
document home range sizes and hunting  habitat utilization
could prov ide  managers w ith  specific information on spatial 
and hab ita t requirem ents of breeding pairs of Merlins  
d u rin g  d i f fe re n t  stages of the breeding cycle.
2) A study aimed a t accurate ly  assessing the reactions of
Merlins to human d isturbances could allow managers to 
re fin e  the basic m.anagement guidelines outlined. A study  
of the e ffec ts  o f controlled disturbance on breeding Merlins  
such as th a t  conducted by White et n\. (1979) on
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Ferrug inous Hawks would provide valuable information on 
M erlins ' reactions to g u n f i re ,  motors, vehic les, human 
approach , e tc . Studies of physiological reactions such as 
changes in heart rate and respiration during  d isturbances  
(B usch 1977) could prov ide valuable information on the  
effects  of human activ ities on breeding M erlins.
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